A possible explanation is given for the ferroelectricity in mixed crystals K1-xN ax Ta03 for 0.05 <x<O.72. In the mixed state the energy gap between valence and conduction bands becomes narrower due to disordemess. This gives rise to a phase transition through a large cancellation in the ferroelectric soft mode.
The ferroelectric phase appears when the frequency of the soft-phonon mode Ws vanishes. In the vibronically coupled two-band model, ws 2 is given by (1) In (1) , the first term expresses the reduction of the characteristic frequency Wo due to cancellation of the short-range repulsion by the long-range interaction. P is related to the electron-phonon coupling constant g and the electron energy spectra cc(k) and cv(k) of conduction and valence bands as (2) which is approximated by assuming flat bands to Closed circles are due to Davis!) and open circles to Rytz et a1.
where T is the temperature and Ll the energy gap between conduction and valence band. The second term on the right-hand side of (1) is the effect of anharmonicity which also contributes to the temperature dependence of ws
•
In order to determine the parameters included in (1), we write the dielectric constant c or the dielectric susceptibility X in the form, (3) with a temperature independent. constant a
On the other hand, for incipient ferroelectrics e is given by the formula due to Barrett 5 ) as c (4) e II coth( 21f ) -To Comparing (3) and (4) 
Let us now analyze the transition temperature as a function of the concentration x on the basis of (6) . For incipient ferroelectrics like KTaOs and NaTaOs, (6) has no solution and the dielectric constant e is finite down to T=O. This means that
Be Llo e '
where Llo is the band gap for these materials.
When or (8) the transition temperature Tc is given by (9) Equation (9) indicates that the reduction of the band gap leads to the appearance of the ferroelectric phase. According to the coherent potential approximation (CPA), the energy bands of two-component alloys are broadened owing to disorders in mixtures in comparison with those of pure materials. We therefore expect that narrower band gaps in mixed crystals may result in the ferroelectric phase transition. We consider the case of KI-xNaxTaOs in what follows.
The result of the numerical calculation of Tc is shown in Fig. 2 
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We see
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1.04.-----"..,.,--,---,-.,.., that the ferroelectric phase transition takes place when the values of Li/Llo are in some limited domain. In Fig. 3 , we plot the equi-Tc lines as a function of Li/Llo. From the above results, we observe that the experimental phase diagram of KI-xNax TaOs shown in Fig. 1 can be reproduced based on the following two assumptions:
(1) Lic/Lio of NaTaOs is a little larger than that of KTa03, and In Fig. 4 an example of computed phase diagram is presented, in which it is shown that a linear change of ilc/ilo with x ( Fig. 4(a) ) and some asymmetric variation of the energy gap il as a function of x (Fig. 4(b) ) can reproduce almost completely the experimental phase diagram (Fig. 4(c) ). At present, we have no experimental results for NaTaOs. The above assumptions, however, are not unrealistic and our results may be a possible explanation of the ferroelectric phase of this mixed crystal.
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